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mm^] mmm 

1«M®G a^I n^.^A s ^_yS by#:Rji (fib, 0. 0 0 3^yg 

0. 0 0 8) $:^-r-5*-X(i#M*^#^«iti: LTJ^fiS;$4^T^^S^li:S:# 

i'7>y KM i:, 5§^bfe^A^e>u— !f3t^#■^)^tiSSI«iti:&*1-€.^»#;l/- 
Mtt®*'!, igS®G a^I nj_^A s ^_y^_y2NyjS by2#:^® ('fiL'^ yl< 
0. 03, 0. 002Sy2S0. 025) Sr^f-S*— 

Clf*«3] 1«S®G a^I n^.^A s j_yS by#;RJl (fib, 0. 00 3 
^y^O. 0 0 8) 5:*^S*-Xli#«*^#^«jt®jSffi»S:{ixS^^^ 

[m^^4:] i^SODG a^I nj_^A s j.y^.ygNyjS by2#:P® (fib, 
yl<0. 03, 0. 002gy2g0. 025) S:Wf -5^-3Z.(±#aa-7-# 

[0 0 0 1] 
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[0 0 0 2] 

ti> t^V^fli^Z)#'f^^SS:^'^5 0 K-7 0 K^ffi<. ^SS#'f^;O^Sv^ 3 ^ ;b'JPp3litC 
[0 0 0 3] 

. -^(D-^tLX. rS'ffiM^ UTM;S 1 . 25/Am;^^^l. 3Mmi^OGaIn 
N A s ^ M V > ;t iS#l«Jt ^ G a A s S«± tC f -5 r ^ fC J: , 

1 8 oKmm^x±\f^zt.ti^x^^tm^^nx^^^ en « -^lt. nmetr 

Cl] M.Kondow et al . ,Jpn. J. Appl .Phys. , vol .35 (1996)pp. 1273-1275 
[0 0 0 4] 

ttc. ^m&Ml. 2 >C4 mCDitSG a I n A s 4^^#:U-ifS^-tCj: frj . 14 
OK-1 7 0KSSCD*#ffi^SS^II^gU;^c^^^$4^TV^^ C2] . 

[2] F.Koyama et al.JEEE Photon. Technol .Lett vol . 12 (2000)pp. 125-127 
[0 0 0 5] 
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1 . 2/1 m(D'^^(DmMG a I n A s if^^^ L/-if 0 It. 
H3 fC^f J:e)(C. n-GaAs ( 1 0 0 ) ®a« 4 2 ±tC. Jiir^. ^]^$ 
ti;t> KiPO. 2 /iin(Z)n-G a A s A^y ■7rii4 4, KiP 1 . 5;t4mODn-I 
nO a P^^^y Kjg4 6, MiP 0 . 1 3 /i m(Z) G a A s l!^^*?)® 4 8 . Ga 
InAsJSttMSO, mi^O. 1 3 /i mOOG a A s ^fe^L^^t^i^S 5 2, j^jP 1 . 
5 /I m(D p-InGaP^^^yKM54, ^tU^lKJ? 0 . 3 5 /i m(D p - G a A s 
hS5 6(^aM«i^^^ix.TVA5o 
to 0 0 6] 

L i: f-SSffl] 

^47bU. 5%JW±c^:^'^$:Jgt-o 
[0 0 0 7] 

G a 1 nN A s 4^#f*;U-if«^T^tj;. 1 . 3 m^^Tfg U ^ V^fit 

ftSr^Jgt-^JCtd:, ftMG a 1 n A s ( I nM^4 0%S^) N Vi^l:t:-e 0 

o t\^^ommti'^&^. ^u^^^it^t. '^^B^m^'^^m^^L. ^^w^&mc^. 

to 0 0 8] 

Z.<D^ofj:mmizm^. ^mECOS^lt. ^SlgGalnAs^. StJ^G a 1 n 
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[0 0 0 9] 

"^-yy^^yh [a] tit. sb. Te. sn^c^. mmizMmLM^^^m 

[3] M.Copel et al . ,Phys. Rev. Lett. vol .63(1989)pp. 632-635 

^m^^y^K ^-yy^^yh^iMLmmrmm±icmmt^o m^^^x. 

m^^M-^i^^o mmm(Dm^(DmzitV"-yy^^yh^mui±-t. ^SSo 

^(DunxmM^i^^o o^^j. -mmB(D^^<Dm. V'-yy^ ^y hit. mm 
mizm^i^x. 'MMm(Dx.}:^^:^y-7;v^MMizitm^j72<t.nf^^^. 

[0 0 10] 

:^mmmit. ^mm<D^MmizV'-yy^ ^ y 'h ^Tmm±izmM^^a)Xit 

^<> mMm^^^-t^miz. iiimtmz. vm&o. 2%^3, 5%ga 

(DU^^&COS b^mm^S:it. -Dt^J. 1. 2 iim^(DG a 1 nA s^^mi^ 
U-if^^T?t±G a 1 n A s S bS^. 1. 3 fi m^OG a 1 nN A s ^^mt^ 
U-'ifm^XltG a 1 nN A s S b M it-S r P^TlZT^^^m 

[0011] 

IZ^r^V. ^SGa-I riQ 3gAs/GaAs^-*^?f^ (SQW) ^SffiS^rJ^ 
^Sf^ycititC, GalnAsfCSb ^mtUi- ^^m^n-D Tz,. 

^m^Xlt. 124 (C^t-<fce)tC, n-GaAs ( 1 0 0 ) ffiSlg 6 2 ±:tC, M 
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B EmiZ i -dX. m^k. Brno. 2MmC7)n-Ga as ( n = 2 X 1 0 ^'^ c 
) AyyrMQ 4. Mj?0. 2 b /x m<Dn- I riQ^^g^ *^^0 516 ^ (n = 3X 
^^^yKS66. WJP 0 . 1 3 m(D G a A s 6 8 

. G a I riQ 3gA s S b/G a A s / I n G a P#-a^^fFvS'f4e 7 0. j^jP 
0. 1 3 ;am(Z)Ga As^g3C3ii^)Ji7 2. 5:t;MJ?0. 2 5 mOD p - I n q 
484 ^. ^0.516 P (P = 5 X 1 O^^cm"^) ^ ^ FS 7 4 t^X h« 

S«3g#:6 0 i^, MBEStCf^x.T. MO C V D^T fcfi 

[0 0 12] 

G a I riQ 3gA s^-i^-f^fFJlti. ffi^g 2 . 8 % ^ V^ #^tC]«M(7)Wf4 
Vtz.a G a I n A s /G a A s ^^CoV^T^ J.W.Matthews&r/A.E.Blakesle 

o 

«Tc^*f4^-eG a I ggA s a^#:PvSffiM(Cc;D^ S b ^ 
^*DLTG a I n A s S b#-i^-^f:RM^?^^bfeo -^bT, SbcD:7^^v^ 
(Torr) ^m^Mz.x. s h coy ^ y ^ :^M<Dy yit h JV ^ ^ y^y (PL) . 

m^izm^m^^mrz.. v^v^y. dorr) ^mzxM 

Ga I nA s S bM(Z)^;g^f4^ti, 
^a5='-Y>7tp^(Z)JEi; : 9. OXlO"^Torr 

: 4 4 0 'C 

^^^y=^r>^*^C7)A s H3 COv^-^^y : 8. 5 X 1 0 "%orr 
GalnAsSb ?f : 2 . 1 a m/ h r 

A s H3 ^5:t)^PH3 ti. »«fCPJ^t--5tafCl 0 0 0"CTf^4>^ 

[0 0 13] 

E15lj:, :7:^ (PL) ?SS>at>*P L?S;g(Z) S b ^ x» 

^R#ffi^^bT^.^^o EI5;^>P>. S b {iffiSG a I n A s JiOC)^;gfC;t^&T'fe 
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> MijlS^^P L^m^m^f^l^iiZitt. 2 X 1 0"'^TorrJi^±5 X 1 0''^TorrJi;^Ta 
[0014] 

mmm2 

M^M2 iiLT. SbODGalnAs )tPM^(DMV T^^M^M^^tci^lZ^ 
S bcD>^^^y ^xSrS^tC^xTG .a A s S bM5:Xh:°^ G 
a A s S bM4Ja)S b<Z)^;t^ (%) H 6 {C^cZ)^^^^ Lfc ^S^M 

2TC0^;mi^S. AsH^ (Dy^^y^::^. JkXJ^^^Umit. mmmi(DG a 1 n 

Shit. meiZm-t^OlZ. ^Xl 0~^Torr(7)y^y^Xt.Vmm^mWiVGa 
A sjKJcmtJji^n^o :i(DSbm^tt\ I nGa A s S bPfiODS bTH^^Hf- 
T^^^hfiSLT, G a I n A s S b (D&^m&^tfWL f^m^^m ^ ^ifZ^-t 
o Z,<Dm. AEc = 0. 7 AE gi:LTft»:b:to S bCD>^^^y ^X*;b^2 X 1 

PL3^^;0^*t)5£<4^§2X 1 0~'^Torr (Hii^M 1 #M) T'li, GalnAs 
S hmcom^ltG aQ g^I 3gA Sq ggggS bQ QQ32T^feoT. S b tJ)'! 

atcsitJii*ti^:i^{c;^^o fifoT, Shit, "^-yy^ hLxm<(DV 

Ut^<. G a I n A s iKppfCSi U Jci t tl, - y T ^ ^ y h y ^ (like) 

m6t^(>>. S ba):7^-/^;^;^'!2 X 1 0"'^Torrc^^fC. Shm^ltVmm^it 
TO. 3 2%T^^^C0T% ]SV>P LgSSS:»-6^A?)(Cti, EI 5 S b V ^ ^ 
;^^^2 X 1 0"'^Torr 5 X 1 0"'^Torr . t-^fc-^, 0. 3%J«±0. 8% 

[0 0 15] 

^S^M3 

^i^M3^UT. jeAT(0^;^^ffT% Sh(Dy^y!;y. (Torr) &a^^x.T 
. Ga I nNA s S bjicD^;g^S^S:^^V^. HI 7 (C^1-*gm S:»fco h=^ig 
ti. #-»^#Fji^G a I Hq 3gA s Nq b T'S^f -5 3 ^ StK^VnT, 

^i^Mi (Z)«M=^Jg^IwiL:;Tfe^. 
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Ga I nAsNS bBCD^M^mt. 

^m:^^yA\^<DI±ij : 9. 5X10"^Torr 

^^US. : 4 6 0 "C 

^^y^y^*^(DA sH^ (Dy^y^y^. : 8. 5X1 0 "^Torr 

G a 1 nA sN Sh^^M(D^W7^m :2. lum/h 
[0 0 16] 

^:^M^t. S b:^^^^^lT.^.^;fcV^^g. &mmti^2. 7%(GaInQ3gAs 

y'ft.bXX.}^^^i/^JV^^mmizmmm (Face to Face) $itT^i±. 6 5 
0-CT- 1 Od3^r^T:::i-;bLTVN^. 
[0 0 17] 

X 1 0 "'^TorrJK J: 1 X 1 0 '^Torr^TSSOD S b <Dy ^ y ^ M^^Pl^mm 
^ f# -5 ± « ® S -e ^ ^ r ^ -5 o 

mmm2V^^rcmiz: m^l^COC a a s S bMc^O^^S;^^^, S bCD:7^^y ^ 
1 X 1 0"^Torr(Z)^JC, S b ffi^ti VJ^irb 1 . 6%T&U, N^iIJtCj:6a 
s - g r o wnxt:''^:3pi/^;i,^-gjg(^^g.>-7 f^^^.p,^ N ffi^tj; Vj^jrfc 0 . 4 
4%^^t^o 

^^M2 ^||i^M3^7)*g^;0^i. ffl^{C«|»LT, 0. 8 1 . 6%c;0Sb 
Sr^iftlt-^ZlhtC j: v. G a I n N A s S<Z)^^#ffi;^)^f«I±-r -So 
[0 0 18] 

1 . 3 iim^^mi^U-^m^(DG a I nN A s #:RMfCigM|^ N,1B)5Kti 0 . 
7%gST'fe^;^»^^, i^^S^S bffi^tiO. 8%'-2. 5%m^X&^o 2. 5 
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1. 6% (m^m3(DShMi(7im.mm<nMizm) 

X {0. 7% (1. 3 ^.mm^^Z^^m:^£NM) ) / [0. 4 4% (Hi^M 3 
®N4) } = 2. 5%T'feS. 

igfC, Mx.«9 8 0 nm^ifiiit«cl/--!f^^T'<gNM^©G a I nNA 
s T'#:RM$:«^Rt-S*-^{Cli, <2»g^Ni{±||ig^M3 {CfettJ-S 0. 4 4%j:tJ 

[0019] 

JK±® «^St>'^!^Mm®#^*^ ^5 , 5§3t?S?« 1.2m m^<D^m. G a I n A 

G a I n A s M®figS(Z)^(C^JlIb. G a I n N A s ^T'tt, V;K,llJ5gJ:fc 0 . 2 
%«_h2. 5%J«Tffl«EH®S b UTG a I n N A s M<Dm;R(JD|^ 

[0 0 2 0] 

^^Jtb--tf|g^ (jg^T, mcD^WilSe)) (i, GaAsa«J:{c, ^Sr^g^f 

i: 5: « t .5 U - if fc I, > T , 
JS'ffiS*'!, lSfg(Z)G a^I n^_^A s ^_yS by#H» (fib, 0. OOS^yg 
0. 0 0 8) S:«1-S#-3la#fia^#:R«^ti:LT?^fig$tlT^^Sr^:S:# 

[0 0 2 1] 

i«S®Ga^I n^_^A s^_yj_y2Ny^S by2#:PM (fib, yl< 
0. 0 3, 0. 002^y2^0. 025) S:«1-^#-3iCl±#fi*^#^«ig 
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[0 0 2 2] 

l_yS by5^^:^il (fib, 0. OOS^y^O. 0 0 8) ^m^^^-Xlt^MM 
^ l-yl-y2^yl^ ^y2^^® ^® yl<0. 03, 0. 002Sy2^0. 

0 2 5) ^m^^m-'Xit^mM'f'^^m^^<7)m'\iM^m?i^^m»u-^m^ 

JS^_h 0^160^7? ti, SCH«5t, RXJ^Al^ A s S:«V^7^GR I N (Gr 

aded Refactive Index) - S C H=^J^(Z) V^i'tlOD^ES l::^3i*b^igfC t;iiMT- 

(BH) ^#^^wL/-if«^-c;ov^'rtl^cfeigfflT$-5o 

*7^. N, S bCDi^liM-r^^^fCj: ?i^S9 8 0 nm^, 1 4 8 0 n m 
®. 1 5 5 0 nm^^, 1 6 5 0 n m^CO^^^^fc U-if^^fC t)®^3Tr ^ -5o 
[0 0 2 3] 

U-if^^- 1 0{t. mi Jc^f i o tc, «^ 1 0 0 m 
S^aOn-G a A s (10 0) 1 2JtJC, (IH7^, ^KK^tlfc, M/P^ 0 . 5 

/i mCDn - G aAs (n=lX10 ^^c m"^) AyyrM 1 4, IKii^ 1 . 5 a m 
^n- I ^gGa^ (n = 1 X 1 O^^cm"^) ^ ^ KJl 1 6 . j^JP: 0 . 
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1 n mCDG a A s %m'C7k^M 18. GalnAsS b i^^Fif Sr^t--^ 
SQWfSttS20. 1 Am(Z)GaAs>t^l::;a,i?)ji2 2. ^tt>*]SJP 1 . 

5 )ti mc^ P - I Hq 4gG aQ_5^P ( p - 1. X 1 0 c m~^) ^ ^ FJf 2 4 , 
@0. 3Ama)p-GaAs ( p = 3 X 1 0 c m"^) H > ^ ^7 h M 2 6 CD^M 

[0 0 2 4] 

SQWvSffiji2 Oti. J±$iS2. 8 2%C0GaQ g^I riQ 3gAsQ^ 
G a I n A s S b (Z)^f^ 

-5. 



9968^ ^0. 



9 . 0X10 "^Torr 
4 6 O'C 



8 . 5X10 "^Torr 

2 . 1 A m/ h 

2 . 0X10 "^Torr 



^ ^ ^>^^C7)A s H3 (D^yv^y. 
GalnAsSb c7)^:gJiS 
S bOD:7^^y^X 

^Mti. V->^MB E^£. MBE^S, CBEffi, M O C V DS<^ V^'rtl;0^ 

f C J: o T X tf ^ :^ -V ^ ;S t* -5 o 
[0 0 2 5] 

^bT, hM2 6±{Cli. pM«ffii:LTAu-Z n^feliT i/P 

t /Au^C0aji^MK;^^?3^'S::=r-^ ^V^ffiSffi;^)'^?^^^n> ^7^n-G a A 
s«®l 2(Z)KS{Cti, nMSffi^ bTAu -G e/N i / A u CO^S^MKtJ)^ 

[0 0 2 6] 

5:11^^ 5. 2 0 t;0OSggb^V>fflti6 mA. 2 O^CTb^^ 7 0 b ^ V^>f[i 
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[0 0 2 7] 

^mi^U-^m^l OCDGalnAsS b ^-M^-^f fe^t" -5 S Q W?gffiM 
2 0 fCf^x.T. GalnAsNS b i^^i^M ^^^--5 S QWrS'[$jl3 2 S: 

SQW?gtt»3 2ti, l±lffiS2. 8 1 %C^G aQ I Hq 3gA s Q g^ggNQ 

[0 0 2 8] 
GalnNAsS b gCPX tf ^ 

-5n 



9 . 5X10 ^Torr 

4 6 or; 



8 . 5X10 "^Torr 

2. 1 ;£i m/h 

2 . 0X10 "^Torr 



^^^^v^>y^(Z)A s H3 (nvyv^y^ 

GalnAsNSb 
[0 0 2 9] 

^ii^7ci:35. 2 0°CCDSSScL^ V^#^t 1 0 mA, 2 0 r ;^)^ 7 0 "C CO U ^ V^ 
1 4 6 K. ^T^c. CW|gig?^:5td:^fiT'l. 2 6 ;timT'feo;to 
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[0 0 3 0] 

^^mm^mtLx^mM^mmi.T\^^^ti^. #s»^-^f:^ (mqw) ^^jt-r-t; 

[0 0 3 1] 

1 tj^' 2 (DM^^^mmi: {t. A vrmtL xmi^m^ l ^ g a a 

s Jl^fflV^TV^^;0^ fc-g-*?) 7^ G a I n A s P 

^gSt:;^^^^®^ bTG a A s Jg&M(^^TVA^;^)\ S C Hm^Oyi^t^ V IC 
A 1 G a A s $:MVN7tG R I N (Graded Refactive Index) - S C H^jg 
T*KV^. KiitiA 1 G a A s -efe^V%. 

mimm^m^i^-^m'f'^mizmhrci^K «$?)pi^g?/\5^n«jt (bh) xh 

* 7^. MMJ^mm 1 . 2 T^ti, 1 2 0 0 n m. 1250'-'1300n 

y . 9 8 0 n m^^, 1 4 8 0 n m^, 1 5 5 0 n m^^. 1 6 5 0 n m^(D^ 

[0 0 3 2] 

^^miZjztllt. mMG a I n A s ^^M^MMG a I nNA s#F«tCS b 
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mi] 

[0 2] 

leSiJ^MM 2 ® ifi^ft: 1/ - if X tf ^ ;i/«it §:^f WSET' S = 
[03] 

^3l£M:gl. 2 Ain©S^5fe(Z)i«aG a I n A s l/-if^^®x tf^ ^ 

CH4] 
[05] 

SIS^Wl ©^g^Sra^-^G a I nAs Sb/GaAs/I nGa P-SQW®P 
[0 6] 

m^Ml(Dmm^^-tG a A s S b® S bffifigi: S b 7^ -y 
[07] 

Slii^M3 (Z)*gmS:5^-rG a I n A s N S b/G aAs/InGaP-S QW® 

10 HSfiJ^SMl ®4^S^U-if^f-®xif ^rilri/-v;i/fl|jg 

12 n-GaAs (100) WS^ 

14 ]^;P0. 5 >ttni®n-G a A s ( n = 1 X 1 0 c m"^) A >y 7 tM 

16 1K;P1. 5 ;it m® n- I nQ_4gG ag 5^P (n = 1 X 1 0 ^^c m"2) 

18 MiSO. 1 /i m®G a A s ^^LJiii*® 
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22 MiP^O. 1 ;ti mCZ)G a A s ^^D^i^^S 



24 
^ K, 

2 6 

3 0 



1 . 5 u^rrKDp - I nQ_^gG ^^P ( p = 1 X 1 0 c m ^) ^ 



:o. 3 >a mCO p - G a A s ( p = 3 X 1 0 c m ^) ay^^h. 



3 2 i±^g2. 8 1%C^J±jaS2. S l%^^GaQ g^I Hq 3gAsQ g^ggN 
0.0044^^0.016 *-*^#^ii$:*^^SQW?gttS 

4 0 . 2 /i m(7)tJf3fe<Z)r«SG a I n A s 1/ -if *^-ODX tf 

42 n-GaAs (lOO) ®S« 

4 4 KJSO. 2 >ti mCD n — G a A s y\'^y :7 rM 

4 6 MJ?1. 5 ;CimOOn- I nG a P^^^y KM 
48 MiPO. 1 3 mODG a A s 

50 GalnAs ^S'ffijf 

52 MJ?0. 1 3 ^mCOGa A s3t^i:ji*i)M 

5 4 HjSl. 5 /A mCD p - I n G a P ^ ^ KM 
56 iK^O. 3 5 A mCD p -G a A s =r>^ ^ hM 

6 0 "ry.vmmwm.w 

62 n-GaAs(lOO) MS® 

6 4 IKiP^O. 2 ;ti mOO n -G a A s ( n = 2 X 1 0 ^'^ c m~^) ^ T M 
66 i^jSO. 2 5 AmCDn-I riQ^^^GaQ 53P (n = 3Xl 0^'^cm"^) 

^"yv KM 

68 MiPO. 1 3 ;u m(Z)G a A s ^^L^y,i?)M 

7 0 G a I o^A s S b/G aAs/InGa P#— i-^^iRfSffiM 



7 2 , 
7 4 . 
^"yv K> 



0.39' 

:0. 1 3 mCOG a A s :)tlBl::^3A5?)M 
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